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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
magnetoresistance changing element having a high 
change rate in resistance by forming a non-magnetic 
layer flat and to provide a magnetoresistance effect 
sensor and system having a high recording, 
regeneration, and output performance and a high S/N 
ratio. 

SOLUTION: On a substrate 1 , a lower shield layer 2, a 
lower electrode layer 3, a magnetoresistance effect 
element 4, an upper shield layer 5, and an upper 
electrode layer 6 are disposed in layers. The 
magnetoresistance effect element 4 is patterned into a 
proper size and shape by a PR process. A longitudinal 
bias layer 7 is so disposed as to be brought into contact 
with the end or part of the end of the magnetoresistance effect element 4. The 
magnetoresistance effect element 4 has a free magnetic layer/a non-magnetic nonconductive 
layer/a fixed magnetic layer/a fixing layer as a basic structure. The free magnetic layer and 
the fixed magnetic layer are made of amorphous material such as SoFeB, CoZrMo, CoZrNb, 
CoZr, CoZrTa. CoHf, CoTa. CoTaHf, CoFeTi, CoNbHf, CoHfPd, CoTaZrNb. or CoZrMoNi. 
Due to this structure, the non- magnetic layer becomes flat, and thereby the rate of change is 
resistance is increased. 
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t . Au , Si, A 1 , T i , T a (D^jU—rf 

liTa, Hf, Zr,W, Cr, Ti,Mo, Pt, N 
i, Ir, Cu, Ag, Co, Zn, Ru, Rh, R 
e, Au, Os, P d , Nb, V, Y O :/(75^/.t 

[00 8 01 ^m\^x^mmm 

[0 08 1] Lmmmil :^y::^m^XT a (3nm) 
/ ^^m^m (8nm) yAimtm (2nm) XN 
i82Fel8 ( 3 n m) / P t 4 6 M n 5 4 (2 5 n 

m) XTa (3nm) 1 0 mf^X' ^ ^m^m^Tymm^ 
^x.xm^i&^i^^m^^Yfmvtif^^^Ti^'r. 
[0 0 8 2] r^mzn. DC-^^^. h n 

mmm^mno. ia, 2mmT o 

rr^Lfc. A 1 ^{t:i^cO??^;^fe(^ , ^-r2nmcDAl^ 
^?F0J^JcL, m?i0itfe^fC^jEi^2 X 1 0~^T o r r (DM^ 
5^■t>'^•<-F^{::^St^r 4 XlO'^Torr £7);^f>^jfflc/^ 
^^T'M02 ^aALlB#r^i^^-r-5^<hiCj: I? A 1 ^ 
g«^^t:^ii-fCo iSJll^lC, 5 0 OO e (7>ii:i5^^#43tc 

(7:)S^^ft:^^i^To^ 1 tc^-To 

[0 0 8 3] 

[^11 





MRJt i%) 


Co 


14 


Nl 8 2Fe 1 8 


9 


Co84Fe9B7 


1 8 


Co 8 2 Z r 9Mo 9 


1 6 


Co9 2Z r 6Nb2 


1 9 


Co 9 8Z r 7 


1 5 


Co92Zr 4Ta4 


1 6 


Co96Hf 4 


1 6 


Co 9 5Ta 5 


1 7 


Co95Ta8Hf2 


1 8 


Co86Fe 1 OTi 4 


1 7 


Co9 lNb7Hf 7 


1 7 


Co9 5Hf 8Pd2 


1 6 


Co 9 2Ta 1 Z r INb 6 


1 7 


Co92Zr 6Mo INI 1 


1 7 



[0 0 8 4 ] z<Dmmm^iz.i6\.^x. ^^m^mt^c o 
[0 0 8 5] Lmi^m2i MR httm^^m^^km^^n 

^X\ :^mm/T a <3nm) / ^^m^m (8 
nm) 5^^f^J^Sc;U, x'-t-;^^ AFMtCct 

^^yy^^:^\^m(D^^'^^K aX7^-r 
(«i^-r6^2#Ba) o t.tz. ^y:^mmXT a (3n 
m) /g^^tt® (8nra) X A \ mit^ ( 2 n m) ^ 

-r^h(DX'h^. ^ixbofl?ffi^tc J: »9 , mm. nmyy 

X^:/n y r />'tS^ ^ v- ^: ^ i^— v-a i^y 4 yy- 

■h^m. ^ii5Ln(D!^n'^^^mh^tt^X'^ h:^mxh 
AFMtcJ:S^®^7^^;^S.U«Xj^{cJ:5#E^:7 

[0 0 8 6] 
[^2] 
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SH&S (nm) 


(nm) 


Co 


1 


1. 2 


N 1 8 2Fe 1 8 


0. 8 


0. 9 


Co84Fe9B7 


0, 2 


0. 2 


Co82Zr9Mo9 


0. 1 


0. 2 


Co92Zr 6Nb2 


0. 1 


0. 2 



[0 0 8 7 ] i*^ttSlCC o-^N i F e 
^itfeSLT. CoFeB. CoZrNb, ^t5C o Z r 

i t A 1 mtmm t <Dnm<r>w-m\±tmm\^M 

R ti: (7> ± tc^-^ bTi ^ ^ t> (75 ^ X. b n S o 
(0 0 8 8] [l^ife«3] ;y'vJ^5:KXT a (3 

nm) ^m\±m (8nm) XCo90FelO (2 

nm) 1 g^fl::^^ (2nm)/Ni82Fel8 (3 

nra)/Pt46Mn 5 4 ( 2 5 nm)XTa (3n 

m) t\i^omf^x^^m\^m<Dmm^^K.xm^^^i^ 

[ 0 0 8 9 ] rff^^ZltDC-^if^^ h n > ^ y< >y i^ '^W^ 

/lifeMmiS^liO. 1 A, J^^;^;^jEI^2mmT o r 
r ^ U/'o A 1 ggfbifetnj^i^l^. ^-r 2 nm(7)A 1 
ff^fifeb. ^mm'lk\^'^S.t^2 XlO'^Torr (DM^'f' 

txm.o2 ^^^Ai^im^i^n-r^^tizx "9 a i 

[0 0 9 0 ] 
[^3] 





MRJt (%) 




1 A 

J. *t 


N 1 8 2Fe 1 8 


1 3 


Co84Fe9B7 


24 


Co 8 2 Z r 9Mo 9 


2 3 


Co9 2Z r 6Nb2 


24 


Co98Zr 7 


2 2 


Co92Zr4Ta4 


2 1 


Co96Hf 4 


2 1 


Co 9 5Ta 5 


2 0 


Co 9 5Ta 8Hf 2 


2 2 


Co8 6Fe 1 OTi 4 


2 3 


Co 9 INb 7Hf 7 


2 3 


Co9 5Hf 8Pd2 


2 2 


Co92TalZrlNb6 


2 1 


Co92Zr 6Mo INi 1 


2 1 



[0 0 9 1 ] w£7)^|t.^m{C^ol,>T, Sd^^t^®;d^Co 
RX/N i F e o^^|^t^^^(7)^iJ{c^g^-r5;d^ ^iai^^ 

[3^Jfe^'j4] ;y^;:^S1;£XT a (3nm)/^Pt 

46Mn 5 4 ( 2 5 n m) (5nm) /C 

o90FelO/Al S^ft:^ (2nm) y'Co90Fe 
10 (2nm) /Sd^^iiS (3nm) / T a (3n 

m) ti'^^mf^x^^m^m(Dmmi:m^xm%^^^ 

[0 0 9 2 1 VfmatUC-^y^^ hn^-^/^j/^^g^ 
^te^^^ei^O, lA. f^m::^:^}^it2mmT o T 

vti^tz. Aimitmcommt. s-r 2 nmcoA i 

^J*L. mmf^mz=^&f)^2 X 1 0"^T o r r (7>^^^ 
-^^y^ — F^{-:i3t^T4 X 1 0"^T o r r :^E^\Zfj:^ 
^xm,02 ^^ALlP^rflW^-r^^irlc^ I? A 1 

[0 0 9 3 ] 
[^4] 
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MRIt (%) 


Co 


N 1 8 2Fe 1 8 


I 3 


Co84Fe9B7 


Co84Fe9B7 


2 3 


Co84Fe 9B7 


Co 8 2 Z r 9Mo 9 


2 2 


Co84Fe 9B7 


Co92Zr6Nb2 


2 2 


Co82Zr 9Mo9 


Co8 4Fe 9B7 


2 3 


Co 8 2Z r 9Mo 9 


Co 8 2 Z r 9Mo 9 


2 2 


Co82Zr9Mo9 


Co92Zr6Nb2 


24 


Co 9 2Z r 6Nb2 


Co84Fe9B7 


2 2 


Co 9 2Z r 6Nb2 


Co 8 2 Z r 9Mo 9 


2 2 


Co 9 2Z r 6Nb2 


Co9 2Zr6Nb2 


2 2 



[0 0 9 4 J C(7)||^^M*^^:^3^^T. S^^i^Si^Co 






s.u^N i F e (Dm'^t^v^^<om^^m ^tiu^<Dm 




MRtfc (%) 














Co 


I 5 


[HM^'JS] ^fetC, ;y'7:^S^g/T a (3nm)/'Pt 


N 1 8 2Fe 1 8 


1 0 


46Mn54 { 2 5 n m) /S^^ttg (5nm) /A 


Co84Fe9B7 


1 7 


1 (2nm)/Co90FelO (2nm) /N 


Co82Zr9Mo9 


1 8 


i82Fel8 (3nm)/Ta (3nm) tl^^Mf^ 


Co92Zr6Nb2 


1 7 




Co 9 8 Z r 7 


1 6 


fro 


Co 9 2 Z r 4Ta4 


1 7 


[0 0 9 5 ] f^^{CliDC-7^^^> h n >';:^ ^/ ^ 


Co9 6Hf 4 


1 6 


0. lA, 2 mmT o r 


Co 9 5Ta 5 


1 6 


r^bfc. A 1 ^{t:^<Dj^^|^, ^-f 2 nm£7)A 1 


Co 9 5Ta 3Hf 2 


1 7 


m?F0^S^(^^ff;&^2 X 1 0~^T o r r OK^f^ 


Co86Fe 1 OTi 4 


1 6 


— f^[ljol^T4 xiO'^Tor r (D^ ^ 


Co9 lNb7Hf 7 


1 8 


^TM02 ^^AUi P^f^i^^-rSw^lcJ: A 1 


Co95Hf 3Pd2 


1 7 


iSil^^fC. 5 0 0 O e tDtEi5^^#c{D{-:j3 


Co92TalZr lNb6 


1 7 


V^T, 2 5 or, 5 0#r^T^^3l>^mLfc. 


Co9 2Z r 6Mo INi 1 


1 7 












[0 0 9 6 ] 


[0 0 9 7 ] -(ommf^Wz{z:i6i^ 





[HJ^F'je] ^^y^m^XT a (3nra) /Pt 

46Mn 5 4 ( 2 5 n m) /S^^ttif ( 5 n m) /^C 
o90Fel0 (2) XAl g^^fb^^ (2 nm) XCo 9 
OFelO (2nm) X ^ ^m^M (3 nm) a 

(3nin) t^'^^mf&x*^^^i^m<7^mm^^K.xm^ 

[0 0 9 8 1 ^mznuc-ry^. h a > ^< y ^ 

mj^l^. mMj^W:\Z.'W&fi^2 X 1 0"^T o r r (7)^^^^ 
^V'^-^ — (^{C*5l^T4 X 1 0"^T o r r CO ;^ ffi (C 5 

^xm.o2 ^mALimm^n-r^^ticx^ A \ 
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[0 0 9 9] 
1^6] 



MRifc («) 



"VT too T> t C\ 

NI82Fel8 


1 4 


Co84Fe9B7 


2 4 


Co 8 2 Z r 9Mo 9 


2 5 


Co92Zr 6Nb2 


2 4 


Co84Fe 9B7 


2 3 


Co 8 2 Z r 9Mo 9 


2 4 


Co92Zr6Nb2 


2 3 


Co84Fe9B7 


2 5 


Co 8 2 Z r 9Mo 9 


24 


Co92Zr6Nb2 


2 4 



Co 

Co84Fe9B7 
Co84Fe 9B7 
Co84Fe9B7 
Co82Zr 9Mo9 
Co 8 2 Z r 9Mo 9 
Co 8 2 Z r 9Mo 9 
Co9 2Z r 6Nb2 
Co92Zr 6Nb2 
Co9 2Z r 6Nb2 



[0 10 0] z.<ry'mm^^¥k\z.^^^x. g^^ttS^U^S 

[0 10 1] imm^mmi^ mi\z.7T^L.t^^'<^<oiy 
z.<Dt^. Tv^-/i- YMt uriiN i F e ^>^t^fco 

%^^^¥kmt /Ta (3nm) / Pt46 

Mn54 (25nm) /Co92Zr6Nb2 (5n 
m) /Co90FelO (2nm) / K \ ( 2 n 

m) /Co90FelO (2nm) XCo92Zr6N 
b2/Ta (3nm) ^ffiV^^Co JUJI^i^fe^ tCl^ 2 5 0 

5 0 0 O e (O^^^^^D Loo^of^o ^^S^^^^ 

t^^-r^ J: 9t^C oC r P t ^r^^Ufco ±v^"/U Kg 
i: Lrt^iN i F e ^fflv^fco ro-^j/ K^rli i 0<DX o 

ist^^ih^by y^m^m, 5 urn. m'^^T^^^'Y y^^t 

0. 2 urn. Wt^Th^ h y y ^^Um . Ojum^Lfco 
<l:Xgli2 5 0r, 2P#r^i:L:to ^(DXmtCj:!?, 

<^ LrSif^L/£< /^ofc(7>-r% ^^^^ 

y Y^'M^f^^T^lZ^ 2 0 0X:. 5 0 0Oe^#4^, 1 

^{^t/ui^m,m^ti^J:f)^-:>t:io i^W<7:>i^mtlit2. 5k 
O e ^: Lfco 15^-7- :5':g^^x.TI?^aj:;tl<£:?a!J^U 
:iOg§0|e^:^^tii;^t^ 2. 4 mV, S/Nli29 
dB, :^^m;':;d^4^M-rS-^-^^S (il^S^) 1^239 



[0 10 21 [HfficOJ^SIS] l§l8{C^Lfc^>f ^C0 3 
- ^ S5^T- it S ^^la^am CD^^S 
ita^^^^Mffi LfCo C(7>i:^, S{${CI^MnZn:7 

a (3nm) ^NiFe (lOnm) ^^J^StC^/lU 
r h-^yi-cDi?;9'$r2 0 0 nm^wLJ^cJI^^^^/^fco 
^m^^mt LTIi. /Ta (3nm) /Pt46Mn 
54 (25nin)/Co82Zr9Mo9 {5nm)/ 
Co90FelO (2nm) /A 1 S^ftl^fe ( 2 n m) / 
Co90FelO (2nm)/Co82Zr9Mo9 
(3nm) /^Ta Onm) ^m^^fz^ fmmf^mat2 

5 or, 5 B#r^ (Z)^^s>^r)^S(:mP# iri^a^Sf-r 5:3^ 
fSjfc 5 0 0 O e (7>«S#$rW;tlDLooffofco HS^^g^^ii 
^^ti, h Uv>:?!. hX^tcJ; I? 1 X 1 ju m(r)::^#^ 

iw^tjoxLT^^ffitFta^sS^i: Lfco ''-^^-vib^nfc 
^iS^d^-rs J: 5(cc o C r P t Lfc. co-^ 

^ K^U I 0<7yX^ ^J:mm^±-~Wm^y KtcjJDXSt/ 
y;DDXL, C o C r T a m^fz^JilC7^-^<^IS& 

1. 0 txmt i.tz, mt^iZ^^^y \^n<D=i'{ /U^rff^^ 

<Dy:tbi-i^::^hmiti:u\t2 5ox:. 2^mti.ti. 
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mv, s/'N(i3 4dB. n^mtHf^^m-r ^ ^ 

[0 10 3] Lmm<7:>j^m9l m9\Z7rii.tz^4y<Dy 

Fe^. mm\Z\tAu. mmiatT a Onm) tN i 
Fe (lOnm) ^ ^J^StcSS LT h —^5^ 
2 0 0 nm(CLfclI<^^l/^fr. m^^^J^^mt LX 
1^, /Ta ( 3 nm) /P t 4 6Mn 5 4 (2 5 nm) 
/'Co84Fe9B7 (5nm) /^Co90FelO 
(2) 1 g?^t:ft ( 2 nm) /Co 9 0 F e 1 0 (2 

nm) o 8 4 F e 9 B 7 (3nm)/Ta (3n 

m) ti.fz. mmmm\at2 5 ox:. 5m^(r>m^m^ 
f^^^<Dmntn\Ki^-r^:^t^\z 5 o oo e (om^^m 

J: 19 1 X 1 Azm(;>::^#^{c;tiDXbr^^lg:Sa:^m9S^ 
K{c;DQXSLU^;^^-r y;tJQXL. CoCrT 
m, y^mtl, Oumtl^tZo ^^iZb^ 

2 5 0^. zm^tvtz. ^<Di:m\z.xKi . :^mnm^ 

K^f^^^T^tC. 2 0 ox:. 5 0 0Oe^#cp, 1 0# 
l^^^^4iS"J^i^?:^^^ofco ^fJ*:(n{^^;^/fi 2. 5kO 

eti^fzo um'^~^m^^:txn±mti^m^\^fzo 

B. n^mtni-^m-r^'^-^^ m&m (^ 2 8 7 k 
Fci, y h=^9-u- o'^}:j.Txhofzo S 
tz. n^^m<DMW^h^Bxh^tz. 

[0 10 4] mm<7ymmi O] iJctc, :*:^0J^i®ffiL 

r<>'^-:7^>r^^;6^iRl?^ixrvN5o ^si^^R ^ 3 2 

:^^X^§\-6m<D^y h*t^il^^tiX\^^^a ^ 
'T — ^mn\MM\0vciTafi^h4 0Tnm^X'^^m'^ 



[0105] 

[0 1 0 6 btc, ro^^^iN^ - ^{::j;or, IS 

im2] m^-^^ Ty^m(D^m^^'rm.^Mxh^. 

im4] m^&^i^^m^<Di^M\z.m'r^x o\zm^<^ 
rp^mf>m^^tix\.^^m^m-rW'^mxh^o 

^<^ry^mtmm^tix\^^^m^^-rW'mmx'h^. 
ime] m4(Dvi~yim\zr^'r>rzm^mx'^^. 
im?] m5<D\ii-\iim\z.r^r>fzmmmx'^^. 

mf&mx^o 

mo] y9y^y^^^\'mm%i&^^>'^<Di'tm^/£ 
[Hi oj mmn^^y (D^m^jtmm^m-rm^.mx' 

in-^<Dmm] 



1 




2 




3 


rmm 


4 




5 




6 




7 




8 




9 




1 




1 


1 ±0mi±@ 


1 


2 mm 


1 


3 


2 


0 mm 


2 


1 Tv"- >'^K 
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2 2 

2 3 

2 4 

4 1 

4 2 

4 3 

4 4 



AB Sci 



4 5 

4 6 

5 0 
5 1 
5 2 
5 3 

5 4 m»i)^^<Dmixmn 



imi] 




;UKH2x T»S3 




[112] 

( 1 ) ■RBttiJ^Tl'- A K«i!>iBJ:K»« Lfc»# 




(2) T«fc6<T->-/>'K01t±C5B*Lfc«6 




(3) ■F««AnF>-A'KiO±lc¥->'»-r)I*^LT«iatfc«6 



C4) T«tttTV--»UKt*aifflL^::i*^ 



[1113] 



C2) ±M)iK±>'-;PKoia±»=mLyi*^ 



(3) _t'>-;l'K*<±«tt®±K:4*i'*yS-S-/hLT3KriJLyi:*^ 




-i:'>-Jl/K«5 



(4) ±Wfei:±'>wPKt«llflBLfc»^ 
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[1^4] 



-IS 





1104 




I04 




[H 7 ] 



J: 



z 





[119] 



«e8 




-«e2 0 



mi 22a 



- 14 - 



[mi 0] [gll 1] 
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